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Abstract At Moriond 2019, Belle collaboration has announced new measurements
on the flavour ratios RD−RD∗ which are consistent with their Standard Model pre-
dictions within 1.2σ . After inclusion of these measurements, the global tension in
RD−RD∗ has reduced from 4.1σ to 3.1σ which is still significant. The measure-
ments of these ratios indicate towards the violation of lepton flavor universality in
b→ c l ν¯ decay. Assuming new physics in b→ cτ ν¯ transition, we have done a global
fit to all available data in this sector to identify the allowed new physics solutions.
We find that there are seven allowed new physics solutions which can account for all
measurements in b→ cτ ν¯ transition. We show that a simultaneous measurement of
the τ polarization fraction and forward-backward asymmetry in B→Dτ ν¯ , the zero
crossing point of forward backward asymmetry in B→ D∗τν¯ and the branching ra-
tio of Bc→ τ ν¯ decay can distinguish these seven new physics solutions if they can
be measured with a required precision.
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1 Introduction
In recent years, several measurements in B meson decays, reported by LHCb and
B-factories, show significant tension with their Standard Model (SM) predictions.
One class of such measurements is governed by b→ c l ν¯ transitions. This transition
occurs at tree level within the SM. The BaBar, Belle and LHCb experiments made
a series of measurements of the flavour ratios
RD =
B(B→ Dτ ν¯)
B(B→ Dl ν¯) , RD∗ =
B(B→ D∗ τ ν¯)
B(B→ D∗ l ν¯) , l = eorµ. (1)
The discrepancy between the world average of 2018 and the SM prediction was at
a level of ∼ 4σ [1]. Very recently, Belle collaborations made new measurements
of these ratios which are consistent with their SM predictions within ∼ 1.2σ [2].
These results were announced at Moriond 2019. After inclusion of these new mea-
surements, the present world averges of these ratios are about ∼ 3.1σ away from
the SM predictions [3]. These ratios indicate towards lepton flavour universality vi-
olation.
In 2017, LHCb measured another flavour ratio RJ/ψ =B(Bc→ J/ψ τ ν¯)/B(Bc→
J/ψ µ ν¯) and found it to be ∼ 1.7σ higher than the SM prediction [4]. In addition
to these flavour ratios, Belle collaboration has measured two angular observables
in B→ D∗ τ ν¯ decay − the τ polarization fraction PD∗τ [5] and the longitudinal po-
larization fraction of D∗ meson fD∗L [6]. The measured value of PD
∗
τ is consistent
with the SM prediction because it has a very large statistical error. However, the
measured value of fD
∗
L is about ∼ 1.6σ higher than the SM prediction.
The discrepancy in RD and RD∗ could be an indication of presence of new physics
(NP) in the b→ cτν¯ transition. The possibility of NP in b→ c{e/µ}ν¯ is excluded
by other data [7]. All possible NP four-Fermi operators for b→ cτν¯ transition are
listed in ref. [8]. In ref [7], a fit was performed to all the b→ cτν¯ data available up to
summer 2018. It was found that there are six allowed NP solutions. Among those six
solutions, four solutions are distinct each with different Lorentz structure. In ref [9],
we have shown that a unique discrimination between the allowed NP solutions can
be possible by a simultaneous measurements of four angular observables, PD
∗
τ (τ
polarization fraction), fD
∗
L (longitudinal D
∗ polarization fraction), AD∗FB (the forward-
backward asymmetry), AD
∗
LT (longitudinal-transverse asymmetry) in the B→ D∗τν¯
decay [10].
In this work, we study the impact of new Belle measurements of RD-RD∗ and
fD
∗
L on the NP solutions for b→ cτν¯ anomalies. We redo the global fit by tak-
ing all present measurements in this sector and find out the presently allowed NP
solutions [11, 12]. We also discuss methods to discriminate between the allowed
NP solutions by means of angular observables in B→ (D,D∗)τν¯ decays and the
branching ratio of Bc→ τν¯ decay.
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2 New Physics solutions after Moriond 2019
The most general effective Hamiltonian for b→ cτν¯ transition can be written as
He f f =
4GF√
2
Vcb
[
OVL +
√
2
4GFVcb
1
Λ 2
{
∑
i
(
CiOi+C
′
iO
′
i+C
′′
i O
′′
i
)}]
, (2)
where GF is the Fermi coupling constant, Vcb is the Cabibbo-Kobayashi-Maskawa
(CKM) matrix element and the NP scale Λ is assumed to be 1 TeV. We also assume
that neutrino is always left chiral. The effective Hamiltonian for the SM contains
only the OVL operator. The explicit forms of the four-fermion operators Oi, O
′
i and
O
′′
i are given in ref [8]. The NP effects are encoded in the NP Wilson coefficients
(WCs) Ci,C
′
i and C
′′
i . Each primed and double primed operator can be expressed as
a linear combination of unprimed operators through Fierz transformation.
First we fit the NP predictions of RD, RD∗ , RJ/ψ , PD
∗
τ and f
D∗
L to the current
measured values. The corresponding χ2 is defined as
χ2(Ci) =∑
(
Oth(Ci)−Oexp
)T
C−1
(
Oth(Ci)−Oexp
)
. (3)
Here C is the covariance matrix which includes both theory and experimental cor-
relations. The fit is done by using the CERN minimization code MINUIT [13]. We
perform three types of fits: (a) taking only one NP operator at a time, (b) taking two
similar NP operators at a time, (c) taking two dissimilar NP operators at a time. The
branching ratio of Bc → τν¯ puts a stringent constraint on the scalar/pseudo-scalar
NP WCs. In particular, LEP data imposes an upper bound on this quantity which
is B(Bc → τν¯) < 10% [14]. Further we include the renormalization group (RG)
effects in the evolution of the WCs from the scale Λ = 1 TeV to the scale mb [15].
NP type Best fit value(s) χ2min
SM Ci = 0 21.80
CVL 0.10±0.02 4.5
(C′′SL ,C
′′
SR ) (0.05,0.24) 4.4
(CSL ,CT ) (0.06,−0.06) 5.0
(CSR ,CT ) (0.07,−0.05) 4.6
(C′′VR ,C
′′
T ) (0.21,0.11) 4.2
CT −0.07±0.02 7.1
(C′VR ,C
′
SL ) (0.38,0.63) 6.0
(C′′VR ,C
′′
SL ) (0.11,−0.58) 6.2
Table 1 Fit values of the coefficients of new physics operators atΛ = 1 TeV by making use of data
of RD, RD∗ , RJ/ψ , PD
∗
τ and f
D∗
L . In this fit, we use the HFLAV summer 2019 averages of RD-RD∗ .
All new physics solutions satisfy χ2min ≤ 7 as well asB(Bc→ τ ν¯)< 10%.
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The B→ D(∗) l ν¯ decay distributions depend upon hadronic form-factors. The
form factors for B→D decay are well known in lattice QCD [16] and we use them in
our analyses. For B→D∗ decay, the HQET parameters are extracted using data from
Belle and BaBar experiments along with lattice inputs. In this work, the numerical
values of these parameters are taken from refs. [17] and [1].
The best fit solutions are listed in table 1 which satisfy the constraints χ2min ≤ 5 as
well asB(Bc→ τν¯)< 10%. Comparing with the previously allowed solutions (ta-
ble 4 in ref. [7]), we note that only the OVL solution survives among the single oper-
ator solutions. However, its coefficient is reduced by a third because of the reduction
in discrepancy. Among the two similar operator solutions, only the (O ′′SL ,O
′′
SR) per-
sists in principle, with the WCs (C′′SL ,C
′′
SR) = (0.05,0.24). The value of C
′′
SL is quite
small, C′′SR ≈ 2CVL and the Fierz transform of O ′′SR is OVL/2. Therefore, this solution
is effectively equivalent to theOVL solution. In ref. [18], we have shown that f
D∗
L can
strongly discriminate against the tensor and scalar NP solutions. The tensor solution
CT = 0.516, which was allowed before fD
∗
L measurement [7], is now completely
ruled out at the level of ∼ 5σ . The O′′SL solution is now ruled out in view of good-
ness of fit. Table 1 also lists three other solutions with 5 ≤ χ2min ≤ 7. We consider
these solutions because the minimum χ2 is just a little larger than 5. Hence, they are
only mildly disfavoured compare to the five solutions listed above them. One impor-
tant point to note is that the prediction of RD (see Table III in ref. [11]) for the tensor
NP solution CT =−0.07 is 1.5σ below the present world average. Hence there are
seven NP solutions which can account for the present data in b→ cτ ν¯ transition.
After Moriond 2019, several groups have done similar analysis which can be found
in refs. [19, 20, 21, 22].
3 Methods to distinguish new physics solutions
In order to distinguish between these seven NP solutions, we consider the angular
observables in B→ (D,D∗)τ ν¯ decays. We consider the following four observables:
(i) The τ polarization PDτ in B→ Dτ ν¯ , (ii) The forward-backward asymmetry ADFB
in B→Dτ ν¯ , (iii) The zero crossing point (ZCP) of AD∗FB(q2) in B→D∗ τ ν¯ and (iii)
The branching ratio of Bc→ τ ν¯ . The predictions of each of these quantities for each
of the seven solutions are listed in table 2.
From table 2 we find the following discriminating features among the allowed
solutions:
• OVL and OT solutions: The OVL and OT solutions predict PDτ ≈ 0.35 whereas all
the other solutions predict it to be about 0.45. Therefore a measurement of this
observable to a precision of 0.1 can distinguish these two solutions from the
other five. A distinction between the OVL and OT solutions can be obtained by
measuring RD to a precision of 0.01, which can be achieved at Belle II [23].
• (O ′′VR ,O ′′T ) and (O ′VR ,O ′SL) solutions: The (O ′′VR ,O ′′T ) and (O ′VR ,O ′SL) solutions
predict ADFB to be ∼ −0.24 whereas other five solutions predict it to be ∼ 0.33.
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NP type PDτ A
D
FB A
D∗
FB B(Bc→ τν¯)% ZCP of AD
∗
FB(q
2) GeV2
SM 0.324±0.001 0.360±0.001 −0.012±0.007 2.2 5.8
CVL 0.324±0.002 0.360±0.002 −0.013±0.007 2.5 5.8
(CSL ,CT ) 0.442±0.002 0.331±0.003 −0.069±0.009 0.8 7.0
(CSR ,CT ) 0.450±0.003 0.331±0.002 −0.045±0.007 4.0 6.4
(C′′VR ,C
′′
T ) 0.448±0.002 −0.244±0.003 −0.025±0.008 11.0 6.0
CT 0.366±0.003 0.341±0.002 −0.067±0.011 1.9 7.0
(C′VR ,C
′
SL ) 0.431±0.002 −0.216±0.004 −0.120±0.009 5.7 8.6
(C′′VR ,C
′′
SL ) 0.447±0.003 0.331±0.003 −0.123±0.010 8.4 8.6
Table 2 The predictions of PDτ , ADFB, AD
∗
FB, B(Bc → τ ν¯) and the zero crossing point (ZCP) of
AD
∗
FB(q
2) for each of the allowed NP solutions.
SM CVL
CT H C 'VR , C 'S L L
H C ''VR , C ''S L L H CS L , C T L
H CSR , C T L H C ''VR , C ''T L
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0.0
0.1
q 2
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F
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D
*
Hq
2
L
Fig. 1 Figure corresponds to AFB(q2) as a function of q2 for the B→ D∗τν¯ decay. The band,
representing 1σ range, is mainly due to the uncertainties in various hadronic form factors and is
obtained by adding these errors in quadrature.
Establishing this variable to be negative will distinguish these two solutions from
the others. A clear distinction between these two solutions can be made through
the measurement of zero crossing point (ZCP) of AD
∗
FB(q
2). In fig. 1, we have
plotted AD
∗
FB(q
2) as a function of q2. From this figure, we note that the ZCP for
the (O ′′VR ,O
′′
T ) and (O
′
VR ,O
′
SL) solutions are ∼ 6.0 GeV2 and ∼ 8.6 GeV2, re-
spectively. A further discrimination can be made through the branching ratio of
B(Bc → τ ν¯), predicted to be 11% by the (O ′′VR ,O ′′T ) solution and 6% by the
(O ′VR ,O
′
SL) solution, provided it is measured to a precision of about 2%.• The other three solutions: The three solutions, (OSL ,OT ), (OSR ,OT ) and (O ′′VR ,O ′′SL),
all predict the same values for PDτ and A
D
FB. A distinction between these three so-
lution can be done by the measuring the ZCP of AD
∗
FB(q
2) or by B(Bc → τ ν¯).
The ZCP of AD
∗
FB(q
2) is ∼ 6.8 GeV2 for the (OSL ,OT ) and (OSR ,OT ) solutions
and it is ∼ 8.6 GeV2 for the (O ′′VR ,O ′′SL) solution. The respective predictions for
B(Bc→ τ ν¯) of these three solutions are 0.8%, 4.0% and 8.4%. Thus a measure-
ment of B(Bc→ τ ν¯) to a precision of 2% can distinguish between these three
solutions.
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4 Conclusions
After Moriond 2019, the discrepancy between the the global average values and the
SM predictions of RD-RD∗ reduces to 3.1 σ . The measured value of fD
∗
L rules out
the previously allowed tensor NP solution at ∼ 5σ level. We redo the fit with the
new global averages and find that there are only seven allowed NP solutions. We
discuss methods to discriminate between these solutions by angular observables in
B→ (D,D∗)τ ν¯ decays and the branching ratio B(Bc → τ ν¯). We find that each
of these seven solutions can be uniquely identified by the combination of the five
observables with the following described precision: (i) The τ polarization PDτ in
B→Dτ ν¯ to a precision 0.1, (ii) The ratio RD to a precision of 0.01, (iii) The ADFB in
B→ Dτ ν¯ to be either positive or negative, (iv) The zero crossing point of AD∗FB(q2)
in B→ D∗ τ ν¯ to a precision of 0.5 GeV2, and (v) The branching ratio of Bc→ τ ν¯
to a precision of 2%.
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